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Supplementary Methods

Effects of variation in size-at-age on ϕx
The original Wright-Fisher model of an "ideal" population was based on the following scenario, which might be approximated in many marine species: each individual contributes a very large and equal number of gametes to a huge (~ infinite) gamete pool, which unite at random to form zygotes. Random survival of the zygotes then produces the few lucky individuals that form the next generation. This model leads to binomial sampling variance in the actual number of offspring per parent; with discrete generations this produces Ne = N, and for species with overlapping generations this model produces Nb = N for one time period.
SBT have very high average batch fecundity (6.5 million oocytes (41)), so modelling binomial sampling from an infinite gamete pool is not an unreasonable approximation. However, individuals do not all contribute equally to the gamete pool; instead, egg production by SBT females is proportional to body size, which is a function of age (41). Age-specific differences in mean fecundity (change in bx' with age) are captured in the AgeNe model, but we need to consider an additional source of variation, which is that individuals of the same age and sex are not all the same size and hence do not have the same expected fecundity. Based on empirical data for the mean and standard deviation (sd) of SBT size at age (42) and the functional relationship between size and fecundity, we can calculate the mean and sd of expected fecundity for adult females at each age (table S2) . The relative fecundities in this table (bx) range from <1 to just over 2 and are standardized to production of individuals that survive to age 8. Both sd(bx) and CV(bx) range from 0.09 to 0.21, with sd(bx) increasing and CV(bx) decreasing with age. To model unequal contributions of same-age SBT to the gamete pool, we multiplied each of the relative bx values by a factor of 10 6 (bx* = 10 6 bx. This also increased sd(bx*) by the same factor and increased var(bx*) by a factor 10 12 , such that the unequal contributions to the gamete pool produced a ratio var(bx*)/bx* of approximately 2x10 4 (table S2) .
To use these data to calculate Ne and Nb, we need to scale the variance-to-mean ratio to what it would be at the mean fecundity required to produce a stable population (i.e., bx'). This can be done with the following equation (43) (A1)
where subscripts "1" refer to the original values (in the gamete pool) and subscripts "2" denote the desired (rescaled) values. For SBT, Vk1 and are var(bx*) and bx* as described above, and we solve for = ϕx by setting = bx'. The result is shown in table S2. All of the rescaled ϕx values are close to 1.01 in both males and females, which is a negligible change from the default assumption ϕx = 1. 1 As a check, in the W-F model everyone contributes equally to the gamete pool, in which case Vk1 = 0. In this case,
This last term is a very small number (bx/bx*≈10 -6 ), so the expected variance is very slightly less than the mean, as expected for the binomial sampling variance that characterizes W-F dynamics.
Sensitivity to assumptions about adult mortality
We considered two alternative scenarios for modeling adult mortality, which was assumed constant at sx = 0.77 in the core analyses. In the "Low sx" scenario, annual survival for both sexes after age 25 was reduced as follows: age 26: sx = 0.7325; age 27: sx = 0.695; age 28: sx = 0.6575; age 29: sx = 0.62. These were taken from (42). In the "High sx" scenario, annual survival for both sexes was set at a constant 0.9. This was intended to model life history parameters as they might have been in the population prior to commercial harvest. With this substantial increase in adult survival, we increased maximum longevity from 30 to 51 years. With sx = 0.9, cumulative survival of a cohort from age at maturity (8) has dropped to 1% by age 51, and this 1% criterion has been used 7 to truncate life tables for species with unspecified maximum longevity. Other vital rates for individuals older than 30 were set to the values at age 30. Results for these sensitivity analyses are presented in table S3.
Evaluating evidence for physical linkage
The 25 loci used in the core analyses provide 25*24/2 = 300 pairwise comparisons of different gene loci for estimating effective size. If any pairs of loci are physically linked (close together on the same chromosome), that would tend to increase mean r 2 and downwardly bias the estimates of effective size, unless accounted for. The adjustment for linkage described and applied in the main text is a statistical correction based on the number of chromosomes in SBT. The 10 total samples (5 each for juveniles and adults) provides an opportunity to examine evidence for close physical linkage between pairs of loci; with only 25 loci this is unlikely from a statistical point of view, but if it did occur it could lead to bias. To determine whether any pair(s) of loci consistently showed relatively high r 2 values across multiple samples, we used the option in NeEstimator V2.1 to output the r 2 values for each pair of loci in each sample. For each pair of loci, these mean r 2 values are averages across all pairs of alleles. We used the values for r 2 due to drift, which account for sample sizes specific to each pair of loci. Within each sample, the r 2 drift values were ranked (1-300) from lowest to highest, and sums of ranks were computed across all 10 samples, then standardized by dividing by the overall mean sum of ranks.
Results are plotted in fig. S3 . The largest mean scaled rank (1.506) was for the locus pair D12 and D201, which means that for this pair of loci the ranked r 2 values were on average just over 50% above the mean for all locus pairs. The value of 1.506, however, was not an apparent outlier ( fig. S3 ). To provide context for interpreting this result, we simulated random sets of ranks 1-300 for sets of 10 samples and computed the same metrics described above for the SBT data. We did this 1000 times and for each replicate we recorded the variance of the summed ranks (Var(Ranks)) and the maximum value for mean scaled rank. Distributions of the 1000 replicate values for these two statistics are shown in fig. S4 . For a single sample, the variance of the ranks 1-300 is 7525. If the loci were all independent, we would expect no correlations in rankings across samples, in which case the variance of the summed ranks would be 10*7525 = 75250. Figure S4A shows that the distribution of realized Var(Rank) is largely symmetrical around the mean (75067), and that the empirical value for the SBT data (82154) is about 10% higher than for the average replicate but well within the range that can be generated from random data. The distribution of maximum values for mean scaled rank is slightly skewed toward high values ( fig.   S4B ), and the maximum value found for the SBT data (1.506 for loci D12 and D201) is only slightly above the median for the simulated data (1.501).
Collectively, these data do not provide evidence that any pairs of loci are closely-enough linked to have substantially biased the analyses. Var(Rank) for the SBT data is a bit higher than the expected variance for completely independent loci, but a slight elevation of this variance is expected. Because there are 25 loci and only 23 chromosomes, at least two pairs must occur on the same chromosome and therefore be potentially linked. However, this level of linkage is already accounted for in the quantitative adjustment based on the number of chromosomes. In the SBT data, a few pairs of loci had summed Rank values as much as 50% above the mean, but values this large can easily be found in completely random data ( fig. S4B ). We therefore conclude that there is no reason to believe that a bias correction for physical linkage is needed, beyond the adjustment that has already been made based on the number of chromosomes.
Other genetic methods for estimating effective size
We also considered two other genetic estimators of effective size. Another widely-used singlesample method is Wang's sibship method (31, 44), which requires that each pair of offspring be classified as either full siblings, half siblings, or neither, based on the inferred one-generation pedigree. This method would potentially be appropriate for the single-cohort juvenile samples that provide estimates of Nb. However, although the microsatellite dataset used here was sufficient to identify parent-offspring pairs of SBT with a high degree of certainty (16), it does not have sufficient power to reliably distinguish rare half-siblings from vast numbers of unrelated pairs of offspring (30). Use of Wang's method for SBT could be implemented when large SNP datasets for SBT become available (45).
The second additional method considered was the temporal method, which requires two or more samples and estimates Ne based on changes in allele frequency over time. The short time period covered by the samples (< 1 SBT generation) does not facilitate use of the standard temporal that assumes discrete generations (46), so we focused on a modified version of the temporal method designed for use with iteroparous species with overlapping generations (47, 48). After preliminary evaluations, however, we determined that the experimental design for the SBT study is not compatible with this "Jorde-Ryman" method, which assumes that non-lethal samples are taken at age 1 from individual cohorts. In contrast, SBT juveniles were removed from the population at age 3 and not returned. Furthermore, we determined that, when sampling is not at age 1, the Jorde-Ryman method is very sensitive to assumptions about juvenile mortality, which is poorly known for SBT. As a consequence, we were not able to use the modified temporal method with the SBT data. Table S1 . Life table for SBT, using age at maturity α = 8 and maximum age ω = 30. Because juvenile survival is poorly known, it was ignored and fecundity (bx) reflects the number of offspring that survive to age 8 and has been standardized to the value required to produce a stable population. The values shown for ϕx are minimum estimates; we also considered fixed values of ϕx = 10, 100, 1000, 10000.
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Female Male Age sx bx Table S2 . Illustration of how to calculate effects of variation in fecundity at age on ϕx (the ratio of variance to mean reproductive success in 1 year for individuals of age x).The left columns show empirical data for female SBT relating variation in size-at-age to variation among individuals of the same age in fecundity (mean =bx; standard deviation = sd(bx); coefficient of variation = CV(bx)). Middle columns show mean (bx*) and variance (V*) of gamete production after scaling up by a factor of 10 6 . Columns on the right use Eq. A1 in Appendix 1 to rescale the variance to mean ratio (V*/bx*) to its expected value at mean absolute age-specific fecundity values for males and females. See Supplementary Methods for details of the analyses. Table S3 . Estimates of effective size in SBT. Demographic estimates were computed using the program AgeNe. The 'SBT' scenario used empirical age-specific vital rates from table S1; the other scenarios used the same data except as noted. Variations considered included earlier age at maturity (α=1), constant fecundity with age ('fixed bx'), different values for adult survival (sx), different assumed values of ϕ = the ratio of variance to mean reproductive success among individuals of the same age and sex, and whether effects of skip breeding ('skip') or persistent individual differences ('persist') were considered. Selected results are illustrated in Fig. 2 . Genetic results used the LD method to estimate Ne (from adult samples) and Nb (from juvenile samples) and are combined (across all 5 years) estimates for PCrit = 0.01. Fig. S1. Demographic estimates of the Ne/N ratio for SBT as a function of ϕx = Vk(x)/bx, which is the ratio of the variance to the mean reproductive success in one time period for individuals of age x. Here, the same ϕ value was used for all ages. These analyses do not account for a) skip breeding by young adults, or b) persistent differences in individual reproductive success over time (i.e., some individuals might be consistently good or bad at reproducing). , we computed the mean r 2 value (across all alleles) for each pair of loci and ranked these r 2 values from lowest (1) to highest (300). Summing ranks across all 10 samples and dividing by the overall mean produced a mean scaled rank for each pair of loci (X axis in the figure) . This analysis did not identify any pairs of loci that were consistently associated with high r 2 values. Fig. S4 . Distribution of statistics related to physical linkage for randomized data. Shown are results for 1000 replicate simulations that modeled the locus-pair ranking process used in figure  S3 for empirical SBT data. To generate data for this figure, rankings were randomly assigned to 300 elements in each of 10 samples, and sums of ranks were taken across all samples to produce a vector of Rank values. (A) Distribution of the variance of Rank for each replicate. (B) Distribution of the maximum value of mean scaled Rank for each replicate. Arrows indicate results for the empirical SBT data.
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